First steps with 5D coordinates and matlab

The EMA system initially uses a coordinate system that can roughly be defined as follows,
assuming a subject is seated in the normal way in the EMA cube':

Position (Cartesian):

X axis: anterior-posterior. Values increase to the front

y axis: left-right. Values increase to the left

Z axis: up-down. Values increase upwards

Orientation (Spherical):

azimuth: Angle in the xy-plane, with zero along the positive x axis, and
proceeding counter-clockwise. Like longitude on the globe. Range +/-
180deg.

elevation: Angle of elevation out of the xy plane. Like latitude on the globe.

Range +/- 90deg

The origin (x=y=z=0) is at the centre of the cube.
Unless stated otherwise, positions will be given in mm, and orientations in degrees

Remember that there is one rotational degree of freedom that this kind of system cannot
recover: When the sensor rotates about its main axis the induced signal does not change.
The sensors are constructed such that the main sensor axis is perpendicular to the lead-wire.

Exercises

Exercise 1. Setting up a basic matrix of coordinates
In the matlab editor type the following line (without line-break):

sensornames=str2mat ('t _back', 't mid','t tip', 'ref',6 'jaw', 'nose', 'upp
er lip', 'lower lip', 'head left', 'head right', 'mouth left', 'mouth rig
ht');

This creates a variable containing the names of the sensors for the 12 input channels of the
hardware (as used in one of the Kleber/Reubold experiments).

Using

File > Save as

Store this in the m-file co_ex1.m

In the matlab command window, type
co_exl

This should run the m-file and result in a string matrix being defined containing the names of
the twelve sensors.
If you type

disp (sensornames)

'At the end of all the pre-processing we will actually use a different definition



you should see 12 lines.

We will now expand the m-file (i.e add the lines below in the fixed-width font) to set up a
matrix with a rough estimate of the sensor positions and orientations for a typical experiment
(this can be useful when we actually come to calculate the sensor positions).

Create a matrix with 12 rows (one for each sensor) and 5 columns (one for each coordinate):
data=zeros (12,5) ;

Initially all values in the matrix will be zero.
Assume the lower-lip has the following coordinates (X, y, z, azimuth, elevation):
[20 10 -10 90 0]

Insert this in the matrix:
data (8, :)=[20 10 -10 90 O0];

Using the pdf file with photos of the sensor locations as guidance
(camexp_S1_selphotos.pdf), work out the corresponding lines of code to define appropriate
positions for the other sensors (the only sensor name that may not be self-explanatory is ‘ref’:
this designates the sensor on the gums above the upper incisors).

Finally, include the code to store the two variables ‘sensornames’ and ‘data’ in a mat-file

(named ‘sensorpositions.mat’):
save sensorpositions sensornames data

Check this works properly by doing the following:

In the command window, run the m-file:
co_exl

clear all variables:
clear variables

load the mat file:
load sensorpositions

Type whos to check the variables are present again.

The following exercises can be carried out either interactively at the command line or by
adding to the m-file

Exercise 2. Useful matlab commands for displaying the data

(a) Text output in the command window of both variables
disp([sensornames num2str (data)])

(b) Plotting the sensor positions using typical matlab graphics functions

plot3 (data(:,1) ,data(:,2),data(:,3),"'.");

xlabel ('x') ;ylabel ('y') ;zlabel('z"');

text (data(:,1),data(:,2),data(:,3),sensornames, 'interpreter', 'none"')

(use the figure’s ‘rotate’ tool to get different views of the data)

Exercise 3. Adjusting an existing coordinate matrix

Assume it turns out that the x/y/z position of the lower lip is really at [30 20 10], and that all
other sensors are shifted accordingly.

What’s the best way of carrying out these shifts?



Exercise 4. Plotting the orientations: an alternative to spherical coordinates

Spherical coordinates can sometimes be awkward to use:

(1) It is awkward to calculate statistics etc. when almost the same angle can be referred to
by very different values (e.g +179 and -179deg. are only 2deg. apart)

(i) It is sometimes difficult to get an intuitive idea of what changes in the angles really
mean in terms of change of orientation: For example, when the elevation is close to
90deg. huge changes in azimuth (e.g from 0 to 180deg) do not mean much change in
where the sensor is pointing.”

So for some purposes it is convenient to convert the spherical coordinates to a set of 3

Cartesian coordinates. (Some of the displays used during the pre-processing show the

information in this way. It can also be useful if you just forget how the spherical coordinates

are defined.)

These coordinates can be thought of as defining the position in three-dimensional space of

the point on the surface of a sphere (rather than using angles of longitude and latitude).

For our purposes we assume a sphere with a radius of 1.

matlab provides a ready-made function for doing this conversion: sph2cart.

As input it requires azimuth, elevation and radius (with angles in radians, so angles in

degrees must be multiplied by pi/180).

So for the above example with the lower-lip (azimuth = 90, elevation = 0) we can write
[x,y,z]l=sph2cart (90*pi/180, O0*pi/180, 1)

Convert the orientations of all sensors to the Cartesian representation.

Now plot the orientations using exactly the same procedures used above for the sensor
positions.

If possible, work out how to just plot those sensors that have different orientation
coordinates.

Exercise 5. Alternative orientations for tongue sensors

Sometimes the tongue sensors, in particular, may be attached to the tongue differently.
What would be the approximate orientation & - ’
coordinates for the tongue sensors in the adjacent
figure?

Work this out for both the spherical and Cartesian
representation of the coordinates.

Choose elevation angles that fulfill the following

conditions:

(1) For the more back sensor:

The sensor points up, looking from back to front .
(2) For the more front sensor: '
The sensor points down, looking from back to front

*The sph2cart function introduced in this section provides a way of checking this out
for oneself; or just look at how lines of longitude converge near the poles of the globe.

3




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


